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Layer and rhythm speci�city for predictive routing

In predictive coding, experience generates predictions that attenuate the feeding forward of predicted stimuli while passing forward 
unpredicted “errors”.  Di�erent models have di�erent neural implementations of predictive coding.  We recorded spikes and local �eld 
potentials from laminar electrodes in �ve cortical areas (V4, LIP, area 7A, FEF, and PFC) while monkeys performed a task that modulated 
visual stimulus predictability. Pre-stimulus predictions were associated with increased alpha/beta (8-30 Hz) power/coherence that fed back 
the cortical hierarchy primarily via deep-layer cortex. Unpredictable stimuli were associated with increases in spiking and in gamma-band 
(40-90 Hz) power/coherence that fed forward up the cortical hierarchy via super�cial-layer cortex.  Area 7A uniquely showed increases in 
high-beta (~22-28 Hz) power/coherence to unpredicted stimuli. These results suggest that predictive coding may be implemented via 
lower-frequency alpha/beta rhythms that “prepare” pathways processing predicted inputs by inhibiting feedforward gamma rhythms and 
associated spiking.

Laminar Models of Prediction

N= 56 sessions from 2 monkeys

Multi-contact 
“laminar” U probes

Task

Spiking activity is greater to an unpredicted sample; 
pre-sample spiking is informative about 

forthcoming sample

LFP Power in Gamma is enhanced during unpredictable
samples, beta is enhanced to predictable samples;

Area 7A is an exception

Coherence networks for prediction During sample processing, super�cial
layers of V4 feed forward gamma;

During pre-sample, deep layers of PFC 
feed back alpha/beta
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Fixation (1s) Sample (1s) Delay (0.5-1.2s) Response

Predictable sample (N=50) Unpredictable sample (N=50)

Predictive coding model: super�cial-layer
prediction error units with gamma frequency feeds forward,

deep-layer prediction units with alpha/beta frequency feeds back
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PFC V4

LIP 7A

Cue identity:

stsas
ps lsips

sts = superior temporal sulcus
as = arcuate sulcus
ps = principal sulcus
ips = intraparietal sulcus
ls = lunate sulcus

Example recording location (PFC)
Trajectories were selected based
on MRI for perpendicular cortical

access

Bastos et al., 2012; 2015; van Kerkoerle et al., 2014
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N= 71 laminar implantations in PFC/FEF, 93 in V4, 38 in 7A
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Bastos et al., 2018; Bu�alo et al., 2011; 
Miller, Lundqvist and Bastos, 2018; Mejias et al., 2016

 

Deep-to-super�cial alpha/beta inhibition gates
access to super�cial layer gamma rhythmic bursts.

Release of deep-layer alpha/beta permits sensory coding
in super�cial layer via gamma/spiking
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Power and spiking are selective for the predicted sample
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Super�cial layer inter-areal gamma coherence is
enhanced for unpredictable samples 

Feedforward gamma Granger causality is enhanced 
for unpredictable samples; feedback beta is 

enhanced for predictable samples 

FF Granger modulation per area
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